Objective: to assess the efficiency of cleaning/disinfection of surfaces of an Intensive Care Unit.
Introduction
It is indisputable that environmental contamination involving important microorganisms -MethicillinResistant Staphylococcus Aureus (MRSA), VancomycinResistant Enterococus, Acinetobacter spp., and Clostridium difficile, among others -represents a risk to patients and professionals. In this sense, studies corroborate the finding that cleaning and/or disinfecting environmental surfaces reduces contamination, and consequently, contributes to reducing the occurrence of infection (1) (2) . Units occupied by individuals colonized or infected with Multidrug-resistant (MDR) strains constitute a risk to newly admitted patients if proper cleaning and disinfection of the inanimate environment is not accomplished (1, (3) (4) (5) (6) (7) .
Acknowledging the importance the environment plays in the transmission of microorganisms, the Centers for Disease Control and Prevention and the Health Care Infection Control Practices Advisory Committee recommend surfaces in proximity to patients, which are frequently touched, be properly cleaned and disinfected and that health care facilities ensure its professionals adhere to such procedures (7) (8) .
In this sense, the efficiency of cleaning and disinfection processes of inanimate surfaces, denoted here as the cleaning/disinfection procedure, should be investigated as a scientific process with measurable results. It can include methods to monitor the efficiency of cleaning/disinfection processes, such as visual inspection, culture testing for microorganisms, and also to detect organic matter by verifying the presence of Adenosine triphosphate (ATP) using bioluminescence, methods that have been available for more than 30 years (3, 6, (9) (10) (11) (12) (13) .
We should clarify that the cleaning/disinfection of the environment results in removing dirt, reducing microbial load and eliminating multi-resistant strains, obviously, the intent of which, considering its purpose and the way it is performed, is not to achieve an environment free of microorganisms. The situation, however, is of concern given the process' operational failures, especially in areas housing patients at a high risk of acquiring infections, such as Intensive Care Units (ICU) (5) .
Given the previous discussion, this study's objective was to assess the efficiency of the cleaning/disinfection process of surfaces of an ICU using conventional methods of inspection, ATP presence and identification 
Tests utilized
Data were collected before and after applying alcohol at 70% (w/v) on surfaces. Ten minutes elapsed before the second collection (12) . All tests were performed by two researchers from Monday through Friday and included visual assessment, presence of ATP and identification of Staphylococcus aureus/MRSA, respectively (6, 12) . hours. Any growth on the dish was considered to be MRSA.
The parameters described in Table 1 were used in the interpretation of the cleaning/disinfection process (6, 9, 11) .
In the conventional assessment, i.e., through visual inspection, surfaces were considered dirty if there was dust, waste (with or without organic matter), moisture or stains (11) .
In the statistical analysis, data were transferred 
Results
A total of 320 assessments were performed:
160 assessments (visual, ATP measurements, and
Staphylococcus aureus/MRSA presence) were performed before the cleaning/disinfection process and 160 were performed after the process.
Before cleaning/disinfection, 90/160 (56.2%) of the surfaces were considered clean, as there was no visible
dirt. According to ATP measurement and verification
of Staphylococcus aureus/MRSA, 44/160 (27.5%) and 92/160 (57.5%), respectively, were considered clean.
Therefore, the cleaning rate of surfaces ranged from 27 to 57.5%, depending on the assessment method. After the disinfection process, 140/160 (87.5%), 127/160 (79.4%) and 140/160 (87.5%) of the surfaces were considered clean using the ATP and microbiological methods, respectively (p<0.05).
The percentage of surfaces that were not approved according to different methods varied considerably (Table 2) .
Disapproval rates using the visual method after cleaning were statistically lower (p<0.001), while the infusion pump was the only surface for which the difference was not statistically significant (p=0.25).
Note that the infusion pump was approved in more than 90% of cases even before alcohol was applied and there was no disapproval after cleaning. Differences in disapproval rates before and after rubbing alcohol when measuring ATP were statistically different (p<0.001), ranging from 37.5 to 62.6%. Similarly, the differences in disapproval rates from a microbiological perspective before and after cleaning/disinfection were statistically significant (p<0.001), ranging from 12.5 to 46.8%.
Differences in disapproval rates between visual assessment and ATP (Table 3) were statistically significant (p<0.001) and ranged from 3.1 to 31.2%.
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Differences in disapproval rates between the visual and microbiological methods (Staphylococcus aureus/MRSA)
were not significant, with a range from 3.2 to 15.5%.
According to each surface, the differences between disapproval rates of cleaning/disinfection using ATP and microbiological methods are not significant and ranged from 0 to 28.1%.
While disapproval rates provide an indicator of the efficiency of applying alcohol at 70% in regard to the standards determined by ATP readings, they do not indicate the extent to which cleanliness/disinfection was disapproved. Hence, ATP readings in RLU, which were obtained before and after the cleaning/disinfection process on the five surfaces, varied considerably (Table 4) . alcohol's efficacy in removing dirt (16) .
It is known that cleaning has distinct objectives, one of which is to improve or restore an environment's appearance, maintain its function and prevent deterioration. Considering microbiological contamination, cleaning reduces the number of microorganisms and any substance that may serve as a substrate for its growth or which may interfere in the subsequent processes of disinfection or sterilization (14) (15) . Hence, the term cleaning may be interpreted differently based on its purpose (11) . The terms cleaning/disinfection were used here because a sanitizer (detergent, disinfectant or alcohol-based solution) was used, which has been demonstrated in a recent study (16) to have, in addition to its antimicrobial action, a cleaning property that is visually assessed, a fact not previously considered.
Note that the classic and consensual recommendation of safe methods for the disinfection of surfaces consists of first cleaning the surface and then disinfecting it with a microbicidal agent (7) (8) . In this study, however, the cleaning stage involving water and soap/detergent was not performed, because it is not a practice used in the facility under study. In fact, the direct application of alcohol on surfaces without prior cleaning is relatively frequent in healthcare facilities (16) . A recent study (16) shows that the disinfecting efficacy of rubbing alcohol at 70%
(w/v) remains the same regardless of contaminated surfaces having being previously cleaned or not.
Note that the rate of approval using the visual method before cleaning was 56.2%, compared to 27.5% approval when using the ATP method. This means that 28.7% of the surfaces were considered clean when they were actually dirty; i.e., organic matter was present (ATP).
A total of 87.5, 79.4 and 87.5% of the surfaces assessed by visual inspection, adenosine triphosphate bioluminescence and microbiological analyses, respectively, were considered clean after the cleaning/ disinfection process.
Another study (11) reports that 90% of the surfaces were considered clean according to visual inspection after the cleaning process, but only 10% of the surfaces resulted in <2.5 colony-forming units/cm 2 , according to the microbiological analysis. Another study (10) reports that 93.3% of the surfaces were visually clean, 92% were microbiologically clean and 71.5%
were free of organic matter. A more recent study (2) was conducted in an ICU over the course of 14 days to describe the cleaning/disinfection conditions of four near-to-patient surfaces after the cleaning process and verified that 20, 80 and 16% of the surfaces Ferreira AM, Andrade D, Rigotti MA, Almeida MTG, Guerra OD, Santos Junior AG.
were disapproved when using the visual method,
ATP and Staphylococcus aureus/MSRA analyses,
respectively. There were statistically significant differences (p<0.05) in cleanliness disapproval rates when comparing the ATP analysis with the visual and microbiological methods. The differences found in this study between the disapproval rates obtained through visual inspection and the ATP method (Table 3) Therefore, using visual inspection as the sole criterion to assess cleanliness is not recommended since, in addition to the fact that subjectivity interferes in the process, there is a risk that an apparently clean area hides substrates and/or microbial contamination.
In summary, the visual inspection method used in this study, as demonstrated by others, is the least sensitive method to assess cleanliness when compared to the bioluminescence ATP method (6, (10) (11) (12) 15) .
Only recently, the Brazilian Health Surveillance Agency (ANVISA) published a manual (17) addressing the cleaning and disinfection of surfaces, a fact that shows a great advancement in the field. Unfortunately, however, it does not in detail describe more modern methods to assess cleanliness/disinfection of these surfaces, which may over-value the visual inspection as the easiest and most feasible method to be used.
It is expected that, in addition to removing microorganisms from a surface, alcohol will also reduce organic matter (16) and this study shows that cleaning/disinfection using alcohol at 70% (w/v) reduced organic matter measured by the ATP method for 79.4% of the surfaces.
Various studies indicated that the ATP monitoring is an important tool to inspect levels of cleanliness (3, 10, 12, 15) . In this sense, as previously described, ATP analysis measures microbiological and non-microbiological sources, which can be removed by an effective cleaning/disinfection protocol. The test can be used to provide instantaneous feedback on the cleanliness of surfaces, working as an instrument to show deficiencies in cleaning/disinfection routines or techniques, and to assess protocols for and the training of the cleaning personnel (10, 15) . Additionally, as opposed to the visual test, the ATP method is not subjective and also has an advantage over the microbiological methods that require from 24 to 48 hours to provide results.
In regard to the presence of MRSA, it is important to note that from 1 to 27% of the surfaces of hospitals' general units present this microorganism (4) . The presence of MRSA before rubbing with alcohol was verified on 22% of surfaces and it still remained on 9%
of the surfaces after cleaning despite 13% drop in its incidence rate (p<0.05). An investigation (12) verified, through culture testing, that 40 (40%) out of 100 samples tested positive for MRSA before cleaning and 24 (24%) after cleaning, even though the sanitizer used was quaternary ammonium-based. Note that it is desirable that microorganisms are completely absent after cleaning/disinfection (9) . Nonetheless, Researchers (6, 10, 12, 18) monitoring the disinfection of surfaces using bioluminescence adenosine triphosphate and aerobic cultures show that cleaning and disinfection protocols are often disregarded.
Another study (19) verified that 27% of the rooms The risk of acquiring MRSA was examined by researchers (20) and a relationship between the hands of health workers and the area occupied by an infected or colonized patient was found. A total of 45% of 50
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healthcare workers acquired MRSA on their gloved hands through direct contact with patients and 40%
of these same 50 professionals acquired MSRA from direct contact with surfaces.
It is worth noting that the hands of healthcare workers remain the main route of cross-infection transmission, if strict aseptic measures are not followed. Therefore, attention should be paid to highly contaminated sites that may compound the risk of infection even with appropriate adherence to hand hygiene (4, 9, 19) . Therefore, the cleaning and disinfection routine with alcohol at 70% (w/v) implemented more than once a day is desirable in the facility under study in order to achieve greater reduction of organic and microbial contamination. Corroborating this suggestion, the cleaning regimen using quaternary ammonium-based disinfectants have showed reduced bacterial load on bed rails by up to 99%, though the microbial density, especially that of staphylococci, recovered rapidly: between 2.5 and 6.5 hours to reach the same levels prior to disinfection (21) .
This study has some limitations, including the fact that the aerobic colonies on surfaces were not quantified, which would improve indicators of the quality of the cleaning and disinfection procedures. The study was performed in a single unit, which restricts generalization to other units in the same facility. There was a reduced number of samples for each surface due to limited financial resources and, finally, this study does not clarify the relationship of the presence of MSRA on surfaces with the risk of transmission to patients and healthcare workers.
Conclusion
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